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Some  Characteristics  Related  to  the  Incidence  of  Cardiovascular 
Disease  and  Death:  Framingham  Study,  16-year  Follow-up. 

Since  1948  the  Framingham  Study  has  followed  a sample  of  adult 
residents  in  the  town  of  Framingham,  Massachusetts.  This  has  been 
done  in  two  ways.  The  first  has  been  a standardized  clinic  examination 
repeated  at  two-year  intervals.  By  this  means  a wide  variety  of  infor- 
mation has  been  collected  about  the  characteristics  of  people  in  the 
Study  cohort  both  before  and  after  the  development  of  cardiovascular 
disease,  as  well  as  a standardized  clinical  evaluation  of  changes  in 
their  cardiovascular  status.  In  addition,  information  about  death  and 
the  development  and  course  of  disease  has  been  obtained  from  a number 
of  sources  outside  the  clinic. 

The  design  and  execution  of  the  Study  are  described  in  Sections 
1 and  2 of  this  monograph.  For  some  characteristics  determined  at 
examination  mean  values  are  given  for  the  first  seven  examinations  in 
Sections  3 and  4 and  bivariate  correlations  are  given  for  the  second 
examination  in  Section  5.  The  incidence  of  various  events  is  given 
in  Sections  6,  7,  and  8.  Criteria  for  events  are  given  in  Section  8, 
and  a description  of  the  characteristics  in  Section  3.  These  are 
repeated  and  updated  in  this  report. 

The  characteristics  presented  are  those  determined  on  many,  if 
not  all,  of  the  successive  clinic  examinations.  Other  characteristics 
have  been  evaluated  on  one  or  two  examinations  only  and  in  general  have 
not  been  included  in  the  monograph. 
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The  major  concern  of  the  Study  has  been  to  evaluate  the  relation- 
ship of  characteristics  determined  in  well  persons  to  the  subsequent 
development  of  disease.  This  is  done  in  a systematic  fashion  in  Sections 
9 through  22  of  this  monograph  series,  using  the  14-year  follow-up.  The 
same  general  material  is  included  in  this  Section  26,  but  updated  to  the 
16-year  follow-up  and  condensed  to  include  only  what  seems  to  us  the 
essential  material.  There  are  some  minor  differences  in  the  clinical 
events  and  characteristics  that  are  included  but  essentially  the  material 
in  this  section  parallels  that  in  Sections  9 through  22. 

Like  Sections  9 through  22,  this  section  is  exclusively  a display 
of  data.  We  would  like  to  include  a discussion  here  of  what  we  feel  to 
be  the  main  findings  indicated  by  the  data — some  new  and  very  interest- 
ing relationships  are  evident  in  these  data  which  warrant  careful  atten- 
tion— but  limitations  of  time  and  resources  have  made  this  difficult  to 
do  at  this  time.  We  hope  subsequently  to  summarize  some  of  the  key 
findings  but  we  feel  an  obligation  to  provide  a detailed  display  of  this 
information  now  for  those  who  wish  to  use  them  for  program  planning  and 
for  evaluation  of  their  own  data. 

The  tables  in  this  section  show  the  relationship  of  a given  char- 
acteristic, as  measured  in  a population  of  persons  free  of  disease,  to 
the  subsequent  development  of  that  disease.  The  table  shows  (by  sex, 
age,  and  level  of  characteristic)  the  population  at  risk,  the  number  of 
these  persons  developing  the  disease,  and  the  ratio  of  these  two  numbers, 
the  incidence  rate.  Further,  the  table  shows,  by  sex  and  age,  the 
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parameters  of  a curve,  called  the  logistic  function,  fitted  to  the  obser- 
vations (the  value  of  the  characteristic  at  the  beginning  of  the  interval 
and  the  occurrence  or  non-occurrence  of  the  disease  within  the  interval 
constituting  an  observation  on  an  individual) . 

The  incidence  tables  presented  in  this  section  come  in  two  forms. 

The  first  one,  designated  by  an  "A"  in  the  table  number,  gives  long- 
term incidence.  Persons  are  characterized  at  Exam  1 and  followed  16 
years,  at  Exam  2 and  followed  14  years,  and  at  Exam  3 and  followed  12 
years.  These  tables  indicate  the  predictive  value  of  characterization 
over  a long  period  of  follow-up.  Since  the  cardiovascular  diseases 
have  a long  incubation  period  this  is  an  important  way  of  looking  at  the 
data.  The  first  three  characterizations  (at  Exams  1,  2,  and  3)  are  pre- 
sented separately  so  that  the  reader  can  judge  whether  any  indicated 
relationships  are  persistent  or  accidental.  Moreover,  during  the  early 
examinations  measuring  techniques  were  being  tightened  up  and  the  Study 
cohort  was  settling  down.  For  instance,  a sizeable  part  of  the  cohort 
failed  to  receive  a serum  cholesterol  determination  at  Exam  1.  Blood 
pressure  readings  were  higher  at  the  initial  examination  than  at  Exam  2, 
and  higher  at  Exam  2 than  at  Exam  3,  suggesting  some  disturbing  effect 
of  the  first  two  examinations.  For  the  16-year  follow-up  the  population 
at  risk  is  the  number  of  persons  free  of  the  disease  at  Exam  1,  the  inci- 
dence is  the  number  of  persons  from  this  population  first  developing  the 
disease  during  the  next  16  years  and  the  rate  is  a 16-year  rate.  The 
14-  and  12-year  follow-up  are  treated  the  same  way,  except  that  character- 
ization (and  age)  is  given  at  Exams  2 and  3 respectively. 
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The  "B"  table  deals  with  the  Incidence  between  one  examination  and 
the  next,  a two-year  period.  After  being  characterized  at  entry  into 
the  Study,  persons  are  characterized  anew  at  each  following  biennial 
examination  and  are  shifted  from  one  age  group  to  the  next  as  they  grow 
older.  The  sum  of  the  experience  in  the  eight  intervals  of  the  16-year 
follow-up  is  expressed  as  an  average  annual  incidence  rate.  Thus,  in 
the  "B"  table  individual  persons  frequently  contribute  experience  to  two 
different  ten-year  age  groups.  By  this  means  we  can  expand  the  age- 
specific  experience,  using  reexamination  as  a substitute  for  a much 
larger  original  cohort. 

The  criteria  for  the  events  and  descriptions  of  the  characteristics 
are  given  after  the  following  explanation  of  the  statistics  presented  in 
the  tables. 

DESCRIPTION  OF  TABLES 

The  tables  in  Section  26  present  data  for  14  events  and  19 
characteristics.  The  numbering  scheme  for  the  tables  puts  the  number 
for  the  event  first,  then  the  number  for  the  characteristic,  and  last 
a letter  "A"  or  "B".  The  meaning  of  "A"  and  "B"  has  just  been  de- 
scribed briefly,  and  will  be  described  more  explicitly  later.  The 

indexing  scheme  for  the  events  and  characteristics  is  as  follows: 

The  14  events  and  their  index  numbers  are: 

1-  Coronary  heart  disease 

2-  Coronary  heart  disease  other  than  angina  pectoris 

3-  Myocardial  infarction 

4-  Angina  pectoris  uncomplicated 
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5-  Sudden  death  from  coronary  heart  disease 

6-  Sudden  and  unexpected  death  from  coronary  heart  disease 

7-  Nonsudden  death  from  coronary  heart  disease 

8-  Cerebrovascular  accident 

9-  Atherothrombotic  brain  infarction 

10-  Intermittent  claudication 

11-  Congestive  heart  failure 

12-  Death 

13-  Death  from  coronary  heart  disease 

14-  Death  from  cardiovascular  disease  other  than  coronary  heart 

disease. 

The  19  characteristics  and  their  index  numbers  are: 

-1  Blood  pressure,  first  examiner,  systolic  (mm  Hg) 

-2  Blood  pressure,  first  examiner,  diastolic  (mm  Hg) 

-3  Serum  cholesterol  (mg/100  ml) 

-4  Hemoglobin  (decigrams  per  100  ml) 

-5  Phospholipid  (mg/100  ml) 

-6  Blood  sugar  (mg/100  ml) 

-7  Uric  acid  (mg/liter) 

-8  Framingham  relative  weight  (percent) 

-9  Vital  capacity  (deciliters) 

-10  Alcohol  consumed  (ounces  per  month) 

-11  Cigarettes  smoked  (number  per  day) 

-12  Albumin  in  urine 

-13  Sugar  in  urine 

-14  Heart  enlargement  by  X-ray 

-15  Left  ventricular  hypertrophy  by  electrocardiogram 

-16  Definite  nonspecific  T-wave  abnormality  by  electrocardiogram 

-17  Diabetes  mellitus 

-18  Hypertension 

-19  Glucose  intolerance 

The  levels  shown  for  the  characteristic  in  the  stub  of  a table 
cover  the  range  of  the  characteristic.  In  general  a subject  is  char- 
acterized by  his  value  at  exam.  If  that  value  is  unknown,  he  is  assigned 
the  value  at  the  next  earlier  exam  at  which  the  characteristic  has  a 
known  value.  In  Table  1-1-A,  for  example,  91  men  aged  35  to  44  years  at 
Exam  3 have  a systolic  blood  pressure  under  110  mm  Hg  as  measured  at 
Exam  3 (or  at  Exam  2 if  not  measured  at  Exam  3,  or  at  Exam  1 if  not 
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measured  at  Exams  3 and  2) . 

"Unknown"  indicates  that  the  subject  has  an  unknown  value  for  the 
characteristic  at  this  exam  and  at  each  preceding  exam.  Since  all  sub- 
jects in  the  Study  had  a blood  pressure  reading  at  Exam  1,  zero  is 
shown  for  "Unknown"  at  Exams  1,  2,  and  3 in  Table  1-1-A,  even  though 
some  individuals  did  not  return  to  the  clinic  for  a later  exam. 

Exceptions  to  these  general  rules  occur  for  two  characteristics, 
Table  -15  and  Table  -17:  left  ventricular  hypertrophy  by  electrocardio- 

gram (LVH-ECG)  and  diabetes  mellitus.  If  definite  LVH-ECG  is  ever  diag- 
nosed the  subject  retains  this  diagnosis.  If  possible  LVH-ECG  is  ever 
diagnosed,  with  no  previous  diagnosis  of  definite  LVH-ECG,  he  retains 
this  diagnosis  unless  it  is  changed  to  definite  LVH-ECG  at  a later 
examination.  Similarly,  if  diabetes  is  diagnosed  the  subject  retains 
this  diagnosis  on  subsequent  examinations. 

The  range  of  actual  values  experienced  at  the  first  eight  exami- 
nations appears  in  the  stubs  of  a table  for  a particular  characteristic, 
-1  to  -10.  For  the  characteristic  -3,  serum  cholesterol,  a slight  modi- 
fication has  been  made,  as  seen  in  Table  1-3-A  and  Table  1-3-B:  The 

stub  in  Table  1-3-A  shows  a range  of  96  to  696,  while  in  Table  1-3-B 
the  range  goes  to  1124  for  women.  A woman  aged  49  years  at  Exam  7 had 
a measurement  of  1124  for  cholesterol,  the  only  value  in  eight  examina- 
tions higher  than  696,  which  was  recorded  at  Exam  5. 

A-tables 


An  A-table  gives  three  basic  statistics  for  each  of  the  first  three 
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examinations,  by  sex,  age,  and  level  of  characteristic.  These  statistics 
are : 

1)  Persons  at  risk 

The  number  of  subjects  at  risk  at  the  baseline  examination  (which 
may  be  Exam  1,  2 or  3)  is  defined  differently  for  different  events. 

All  subjects  alive  at  the  baseline  examination  are  included  in  the  popu- 
lation at  risk  of  death  (Tables  12-,  13-,  and  14-) . Subjects  with  pre- 
existing coronary  heart  disease  at  Exam  1 or  with  definite  coronary  heart 
disease  developed  before  the  baseline  examination  are  excluded  from  the 
population  at  risk  where  the  event  is  coronary  heart  disease  or  one  of 
its  manifestations  (Table  1-  through  Table  7-).  Subjects  with  definite 
or  doubtful  cerebrovascular  accident  at  Exam  1 or  with  definite  cerebro- 
vascular accident  developed  before  the  baseline  examination  are  excluded 
from  the  population  at  risk  where  the  event  is  cerebrovascular  accident 
or  atherothrombotic  brain  infarction  (Tables  8-  and  9-).  Subjects  with 
definite  or  doubtful  intermittent  claudication  at  Exam  1 or  with  defi- 
nite intermittent  claudication  developed  before  the  baseline  examination 
are  excluded  from  the  population  at  risk  of  intermittent  claudication 
(Table  10-) . Subjects  with  definite  or  doubtful  congestive  heart  fail- 
ure at  Exam  1 or  with  definite  congestive  heart  failure  developed  before 
the  baseline  examination  are  excluded  from  the  population  at  risk  of 
congestive  heart  failure  (Table  11-) . 

2)  Incidence 

This  is  the  number  of  subjects  in  the  population  at  risk  at  the 
baseline  examination  who  develop  the  event  in  the  period  from  the 
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examination  to  end  of  follow-up.  Since  Exam  9 marks  the  end  of  follow- 
up, the  period  to  Exam  9 from  Exam  1 is  16  years,  from  Exam  2 is  14 
years,  and  from  Exam  3 is  12  years. 

3)  Rate  per  1000 

For  1,000  subjects  at  risk  at  the  baseline  examination  this  is 
the  number  of  subjects  developing  the  event  from  the  specified  examina- 
tion (1,  2,  or  3)  to  the  end  of  follow-up.  Depending  on  whether 
follow-up  is  begun  at  Exam  1,  2,  or  3 the  incidence  rate  is  a 16- , 14- , 
or  12-year  rate. 

To  illustrate:  In  Table  1-1-A  60  men  aged  45  to  54  years  at  Exam 

2 are  shown  as  free  of  coronary  heart  disease  and  as  having  a blood 
pressure  between  150  and  159  mm  Hg  recorded  at  Exam  2 (or  at  Exam  1 if 
Exam  2 was  not  taken) . Among  these  men  13  developed  coronary  heart  dis- 
ease in  the  14  years  following  Exam  2.  The  incidence  number  13  divided 
by  the  population  number  60  gives  an  incidence  rate  of  0.21667,  which 
is  shown  in  the  table  as  217  per  1,000.  If  no  incidence  is  observed, 
the  rate  is  zero,  provided  there  is  a population  at  risk.  Whenever  the 
population  at  risk  is  zero,  asterisks  are  shown  for  the  rate.  For 
example,  in  Table  1-5-A  there  are  no  women  aged  35  to  44  years  at  Exam 
1 with  a value  for  phospholipid  over  319  mg/100  ml,  so  asterisks  are 
shown  for  the  rate  at  Exam  1 . 

B-tables 

A B-table  takes  into  account  characterizations  on  all  of  the  first 
eight  examinations  and  the  incidence  of  the  event  in  the  eight  biennial 
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intervals  of  the  16-year  follow-up  and  consolidates  this  into  average 
annual  incidence  rate  by  age,  sex,  and  level  of  characteristic.  Four 
statistics  are  shown: 

1)  Person  years 

On  each  of  the  first  eight  examinations  there  are  a number  of  per- 
sons in  a specific  sex-age  group  at  risk  according  to  the  rules  de- 
scribed for  the  A-tables.  These  numbers  are  summed  and  this  sum  is  mul- 
tiplied by  two,  because  the  interval  between  examinations  is  two  years, 
and  the  result  is  labeled  "person  years."  Contrary  to  the  usual  impli- 
cation of  this  label,  no  account  is  taken  of  the  fact  that  some  persons 
are  not  at  risk  the  full  two  years  following  an  examination,  either 
because  they  develop  the  event  or  die  in  the  interval.  Because  some  of 
the  subjects  in  the  Study  were  not  at  risk  of  death  at  Exam  1 — they  were 
added  to  the  Study  at  Exam  2 — they  are  excluded  from  the  population  at 
risk  at  Exam  1 if  the  event  involves  death  (Tables  5-,  6-,  7-,  12- , 13- , 
14-) . See  Section  1,  page  lg-1,  for  a description  of  this  group  of  sub- 
jects called  volunteers. 

2)  Events 

This  is  the  number  of  subjects  in  the  population  at  risk  at  an  exam- 
ination who  develop  the  event  in  the  interval  between  that  examination 
and  the  next.  The  numbers  developing  the  event  in  each  of  the  two-year 
intervals  are  summed  for  the  first  eight  examination  intervals.  Inci- 
dence in  an  A-table  may  not  always  be  included  in  the  paired  B-table. 
Suppose  a man  free  of  preexisting  coronary  heart  disease  at  Exam  1 
develops  angina  pectoris  between  Exam  3 and  Exam  4 and  then  develops 
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myocardial  infarction  between  Exam  5 and  Exam  6.  In  Table  3-1-A  this 
man  is  counted  in  the  incidence  of  myocardial  infarction.  He  is  not 
counted  in  Table  3-1-B  because  he  was  not  in  the  population  at  risk  at 
Exam  5,  the  beginning  of  the  two-year  interval  in  which  he  developed 
myocardial  infarction. 

3)  Rat?e 

The  rate  is  given  as  the  number  of  events  per  10,000  person  years 
and  is  obtained  by  taking  half  the  average  two-year  incidence  rate  for 
the  first  eight  examinations.  In  Table  12-1-B,  for  example,  the  number 
8922  is  shown  as  person  years  for  men  aged  35-44  at  exam.  The  number 
20  is  shown  as  events,  meaning  that  in  the  eight  two-year  periods  fol- 
lowing an  examination  at  which  they  were  aged  35  to  44  years  20  men  died. 
The  number  20  divided  by  the  number  8922  gives  0.002241,  the  average 
annual  mortality  rate,  which  is  shown  in  Table  12-1-B  as  22  (per  10,000 
population) . Whenever  for  a particular  level  of  the  characteristic 
there  are  no  persons  at  risk,  zero  is  shown  for  "person  years"  and 
asterisks  are  shown  for  the  rate.  For  example,  in  Table  1-9-B  there 
are  no  women  aged  45-54  at  exam  with  a value  for  vital  capacity  over  49 
deciliters  at  any  examination,  Exams  1 to  8,  so  asterisks  are  shown  for 
the  rate  at  level  50-54  and  for  the  rate  at  level  55-61  deciliters. 

4)  Smoothed  rate 

The  smoothed  incidence  rate  is  based  on  the  mean  of  the  individual 
probabilities  of  developing  the  event  in  the  two  years  following 
examination.  The  individual  probability  is  calculated  for  a subject 
according  to  his  value  of  the  characteristic  at  exam  and  to  the  values 
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for  alpha  and  beta  estimated  in  fitting  the  logistic  function  to  the 
occurrence  of  the  event  in  the  sex-age  group.  For  example,  in  Table 
1-12-B  for  men  aged  45-54  at  exam  the  logistic  parameters  are  A = -3.98002 
and  B = 0.464372.  The  probability  of  a man  in  this  age  group,  classified 
as  "definite"  as  to  evidence  of  albumin  in  his  urine  sample,  developing 
coronary  heart  disease  in  a two-year  period  is  0.0451622.  This  number 
is  divided  by  two  to  express  the  two-year  incidence  as  an  annual  rate 
and  multiplied  by  10,000  to  give  a rate  of  225.8.  The  observed  rate  is 
shown  as  240  in  Table  1-12-B,  and  the  smoothed  rate  is  shown  as  225.8. 

The  probability  P is  calculated  as  follows: 

P = 1/ [1  + exp (-A-BX) ] = 1/ [1  + exp(3. 98002  - 0.46437  x 2)] 

(The  value  2 has  been  assigned  to  the  "definite"  level  of  this  char- 
acteristic: X = 2 in  the  above  equation.) 

Asterisks  are  shown  for  the  smoothed  rate  whenever  "person  years" 
is  zero  or  the  logistic  parameters  have  not  been  estimated.  In  the 
table  for  a two-level  characteristic  (-16,  -17,  and  -19)  if  the  incidence  is 
zero  for  one  of  the  levels,  the  smoothed  rate  is  shown  as  0.0  to  match 
the  observed  rate  and  asterisks  appear  for  the  logistic  parameters. 

THE  LOGISTIC  PARAMETERS 

The  logistic  parameters  are  shown  by  sex  and  age  at  exam  for  each 
of  the  first  three  examinations  in  an  A-table  and  for  the  sum  of  the 
first  eight  examinations  in  a B-table. 

The  logistic  parameters,  shown  as  A and  B in  a table,  are  esti- 
mates of  a and  8 in  the  logistic  function 


P = 1/ [ 1 + exp(-a-SX)] 
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where  P is  the  probability  that  the  subject  in  the  population  at  risk, 
characterized  by  known  value  X at  exam,  develops  the  event  in  the  period 
following  the  examination.  In  the  A-table  the  period  following  Exam  1 
is  16  years,  following  Exam  2 is  14  years,  and  following  Exam  3 is  12 
years.  In  the  B-table  the  period  following  an  examination  (Exam  1 
through  Exam  8)  is  two  years. 

Starting  with  some  guessed  value  of  a and  6,  say  and  , and 
applying  a weighted  least-squares  procedure  to  get  the  normal  equations, 
estimates  of  a and  8 are  obtained  in  the  form 


Iterative  solution  of  these  expressions  converges  to  within  0.0001  for 
A and  B in  tables  for  discrete  characteristics  -11,  -12,  -13,  -14,  -15, 
-18,  to  within  0.01  for  A and  0.001  for  B in  tables  for  "continuous" 
characteristics  -1  to  -10. 

For  the  nth  individual,  with  characteristic  value  x , 


A = (ly  EP  Q x 2 - Ex  y EP  Q x )/D 
■'n  n n n n n n n n 


B = (Zx  y ZP  Q - Zy  ZP  Q x )/D 
n n n n n n n n 


where 


n 


lation  at  risk  of  event  in  the  sex-age-exam  group 


Pn  = 1/ [ 1 + exp(-Ai  - Bixn)] 


Q = 1 - P 


n 


n 


in  the  popu- 
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= 1 if  individual  develops  event, 

= 0 if  individual  does  not  develop  event  in 
period  following  exam* 

The  summation  is  over  all  individuals  in  the  population  at  risk  in  the 
sex-age-exam  group.1 

Values  have  been  assigned  for  the  discrete  variables.  The  levels 
are  0,  1,  2,  and  3 for  characteristic  cigarettes  smoked  (-11);  0,  1,  and 
2 for  characteristics  -12,  -13,  -14,  -15,  -18;  0 and  1 for  characteristics 
-16,  -17,  and  -19.  At  one  end  of  the  scale,  the  value  zero  stands  for 
"None"  or  "No." 

No  iteration  is  necessary  to  obtain  A and  B in  tables  for  two-level 
characteristics  -16 > -17,  and  -19  if  A^  and  B^  are  calculated  from  the 
logistic  function. 

A = A1  = -ln(l/PQ  - 1) 

B = Bx  = -ln(l/P1  - 1)  - A 

where  P is  incidence  rate  in  level  "No"  and  P-,  is  incidence  rate  in 
0 1 

level  "Yes." 

The  variance  of  the  beta-estimate  is  estimated  by 

Var(B)  = IP  Q /D 
n n 

The  standard  error  of  B,  shown  as  SE(B)  in  a table,  is  the  square  root 
of  the  estimated  variance. 

This  approach  to  the  problem  of  estimation  of  the  probability  of 
an  event  as  a function  of  some  characteristic  makes  no  assumption 

1 Walker,  S.H.,  and  Duncan,  D.B.:  Estimation  of  the  probability  of  an 

event  as  a function  of  several  independent  variables,  Biometrika  (1967), 
54,  1 and  2,  pages  167-179. 
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concerning  the  distribution  of  the  characteristic,  bur  it  does  assume 
that  the  logistic  function  is  an  appropriate  model  for  incidence.  This 
assumption  appears  reasonable  for  most  of  the  event-characteristic  pairs. 

Asterisks  are  shown  for  the  logistic  parameters  in  a table  whenever 
these  have  not  been  estimated.  This  happens  for  a particular  sex-age- 
exam  group  if  entire  incidence  is  in  only  one  level  of  the  discrete 
variable  (-11  to  -19),  if  the  number  of  subjects  developing  event  is  less 
than  five  for  the  continuous  variable  (-1  to  -10) , or  if  all  incidence 
occurs  in  the  "None”  category  for  characteristic  alcohol  consumed  (-10) . 

Given  the  estimated  parameters  of  the  logistic  function,  A and  B 
in  the  table,  the  reader  can  calculate  the  probability  of  a person  devel- 
oping the  event  in  the  period  following  the  examination  at  which  he  is 
characterized  by  a particular  value.  Suppose  a man  aged  36  years  at 
Exam  1 has  a systolic  blood  pressure  of  180  mm  Hg.  What  is  the  proba- 
bility of  his  developing  coronary  heart  disease  in  16  years?  Table  1-1-A 
shows  a value  of  0.022  for  B and  -4.994  for  A,  men  age  35-44  at  Exam  1. 

P = 1/ [1  + exp (-A-BX) ] = 1/[1  + exp (4 . 994  - 0.022x180)]  = 0.262. 

The  probability  of  a man  aged  38  years  at  Exam  2 with  a systolic  blood 

pressure  of  180  mm  Hg  developing  coronary  heart  disease  in  14  years  is 

0.166,  as  calculated  by 

P = 1/ [ 1 + exp (4 . 491  - 0.016x180)]  = 0.166. 

The  probability  of  a man  aged  40  years  at  Exam  3 with  a systolic  blood 

pressure  of  180  mm  Hg  developing  coronary  heart  disease  in  12  years  is 

P = 1/ [ 1 + exp (4.671  - 0.016x180)]  = 0.143. 


The  Framingham  Study 


26-15 


The  probability  of  a man  aged  44  years  at  some  exam  (Exams  1 to  8) 
with  a systolic  blood  pressure  of  180  mm  Hg  developing  coronary  heart 
disease  in  two  years  is  0.0144, 

P = 1/ [1  + exp (6 . 567  - 0.013x180)]  = 0.0144. 

These  last  values  for  A and  B come  from  Table  1-1-B.  The  two-year 
average  rate  0.0144  corresponds  to  average  annual  rate  72  per  10,000. 

Coefficient  B of  the  logistic  function  affords  a measure  of  the 
association  between  increased  risk  of  the  event  and  elevated  levels  of 
the  characteristic.  The  standard  error  of  B,  SE(B),  gives  us  a means 
for  testing  whether  the  association  is  "significant."  If  the  ratio 
B/SE(B)  is  2 or  greater  or  if  the  ratio  is  -2  or  less,  we  say  that  B is 
really  different  from  zero.  This  is  called  testing  the  null  hypothesis 
at  the  5 percent  level  of  significance,  where  the  null  hypothesis  is  that 
no  association  exists  between  risk  of  event  and  level  of  characteristic. 
Using  this  procedure  we  would  expect  to  be  wrong  (in  our  judgment  that 
an  association  exists)  five  percent  of  the  time  when  in  fact  no  associa- 
tion exists.  For  example,  in  Table  1-1-B,  men  age  45-54  at  exam,  B has 
the  value  0.015  and  SE(B)  the  value  0.004.  The  ratio  of  0.015  to  0.004 
is  greater  than  2,  so  we  say  that  there  really  is  an  association  between 
increased  risk  of  coronary  heart  disease  and  elevated  levels  of  systolic 
blood  pressure. 

Because  of  limitations  of  space  only  three  decimal  places  were 
allowed  for  printing  B and  SE(B).  In  some  instances  this  results  in  too 
few  significant  digits  to  determine  whether  the  ratio  B/SE(B)  is  greater 


The  Framingham  Study 


26-16 


than  2.  For  example,  men  aged  55-64  at  exam  in  Table  1-5-B  have  0.002 
for  B and  0.001  for  SE(B).  The  ratio  0.002/0.001  is  equal  to  2,  but 
unless  we  know  the  numbers  carried  out  to  several  significant  digits  we 
cannot  be  sure  that  B/SE(B)  is  2 or  greater.  In  fact,  B is  0.00167  and 
SE(B)  is  0.00133,  giving  a ratio  of  1.26,  less  than  2.  Here  we  say  that 
an  association  between  risk  of  coronary  heart  disease  and  the  level  of 
phospholipid  may  exist  but  we  are  not  willing  to  say  so  on  the  basis  of 
the  limited  data  at  hand. 

The  numbers  printed  in  the  tables  for  the  logistic  parameters  may 
satisfy  the  needs  of  the  reader.  Occasionally  the  reader  may  wish  to 
have  numbers  showing  more  significant  digits.  The  values  for  A,  B,  and 
SE(B)  have  been  printed  out  to  six  significant  digits,  and  these  are 
available  to  the  user  of  the  tables  in  Section  26  upon  request  to  the 
Biometrics  Research  Branch  of  the  National  Heart  and  Lung  Institute, 
Bethesda,  Maryland  20014. 
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CRITERIA  FOR  EVENTS 

1 . Coronary  heart  disease 

A subject  in  the  Study  was  diagnosed  as  having  developed  coronary 
heart  disease  (CHD)  if  upon  review  of  the  case  a panel  of  investigators 
agreed  on  a definite  manifestation  of  CHD:  myocardial  infarction, 

coronary  insufficiency,  angina  pectoris,  sudden  death  from  CHD,  non- 
sudden death  from  CHD.  Persons  with  preexisting  CHD  at  Exam  1 were 
excluded  from  the  population  at  risk  of  developing  CHD. 

Preexisting  CHD 

Preexisting  CHD  at  Exam  1 was  identified  by  any  one  of  the  fol- 
lowing diagnoses  at  Exam  1: 

Definite  angina  pectoris 

Definite  history  of  myocardial  infarction 
Definite  myocardial  infarction  by  electrocardiogram 
Doubtful  myocardial  infarction  by  electrocardiogram 
Definite  coronary  insufficiency  by  electrocardiogram. 

The  various  manifestations  of  CHD  are  these: 

Myocardial  infarction  (see  3) 

Coronary  insufficiency 

Coronary  insufficiency  was  designated  when  a history  of  prolonged 
ischemic  chest  pain  was  accompanied  by  transient  ischemic  S-T  segment  and 
T-wave  abnormality  in  the  electrocardiographic  tracing  but  not  accom- 
panied by  development  of  Q-wave  abnormality  or  by  serum  enzyme  changes 
characteristic  of  muscle  necrosis. 

Angina  pectoris 


Brief  recurrent  chest  discomfort  of  up  to  15  minutes  duration, 
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precipitated  by  exertion  or  emotion  and  relieved  by  rest  or  by  nitro- 
glycerine, was  regarded  as  angina  pectoris  (AP)  if  two  physicians  inter- 
viewing the  subject  agreed  that  this  condition  was  definitely  present. 

This  diagnosis  was  based  on  evaluation  of  a subjective  manifestation;  no 
abnormality  in  the  electrocardiographic  tracing  after  exercise  or  at  rest 
was  required. 

Sudden  death  from  CHD  (see  5) 

Nonsudden  death  from  CHD  (see  J) 

2 . Coronary  heart  disease  other  than  angina  pectoris 

Because  an  interest  is  often  expressed  in  the  incidence  of  "heart 
attacks,"  this  category  is  established  to  represent  the  occurrence  of 
myocardial  infarction,  coronary  insufficiency,  or  death  from  coronary 
heart  disease. 

3 . Myocardial  infarction 

Recent  or  acute  myocardial  infarction  (MI)  was  designated  when 
there  were  serial  changes  in  the  electrocardiograms  indicating  the  evo- 
lution of  an  infarction,  including:  S-T  segment  elevation  in  the  elec- 

trocardiographic tracing  (ECG)  associated  with  later  inversion  of  T waves 
and  the  loss  of  initial  QRS  potentials  (that  is,  development  of 
"pathologic"  Q waves  of  0.04  second  duration  or  greater),  followed  by 
serial  changes  indicating  reversion  towards  normal.  An  old  or  remote  myo- 
cardial infarction  was  considered  to  be  present  when  the  ECG  showed  a 
stable  pattern  including  a pathologic  Q wave  of  0.04  second  or  greater 
or  loss  of  inital  QRS  potential  (R  wave)  in  those  leads  in  which  this 
would  not  be  expected  to  occur.  Also,  an  old  MI  was  indicated  when 
changes  from  a previous  tracing  showed  development  of  loss  of  R-wave 


The  Framingham  Study 


26-19 


potential  or  appearance  of  pathologic  Q waves  not  otherwise  explained. 
More  weight  was  given  to  this  finding  if  a T-wave  abnormality  was  also 
associated . 

Beginning  in  Exam  4,  a hospital  report  for  a subject  showing  a rise 
in  the  serum  glutamic  oxalacetic  transaminase  to  a level  of  at  least  60 
units  along  with  a history  of  prolonged  ischemic  chest  pain  was  accepted 
as  evidence  of  myocardial  infarction.  Subsequently,  in  1962,  pathologic 
elevation  of  another  enzyme  was  included:  lactic  dehydrogenase  greater 

than  500  units. 

An  autopsy  report  showing  an  acute,  new,  or  recent  infarction  of 
the  myocardium  was  accepted  as  evidence  of  MI.  Because  it  is  not  possi- 
ble to  date  an  old  MI  found  on  autopsy  such  evidence  was  not  included  in 
the  clinical  diagnosis. 

4 . Angina  pectoris  uncomplicated 

The  event,  angina  pectoris  uncomplicated,  is  defined  as  the  occur- 
rence of  AP  in  the  biennial  interval  between  two  exams  with  no  other 
evidence  of  CHD  in  the  same  interval. 

5 . Sudden  death  from  coronary  heart  disease 

If  a subject,  apparently  well,  was  observed  to  have  died  within  a 
few  minutes  (operationally  documented  as  under  one  hour)  from  onset  of 
symptoms  and  if  the  cause  of  death  could  not  reasonably  be  attributed 
to  some  potentially  lethal  disease  other  than  coronary  heart  disease, 
this  was  called  sudden  death  and  was  attributed  to  coronary  heart 


disease . 
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6 . Sudden  and  unexpected  death  from  coronary  heart  disease 

If  a subject  experienced  sudden  death  and  had  no  previous  history 
of  CHD,  this  was  called  sudden  and  unexpected  death  from  coronary  heart 
disease. 

7 . Nonsudden  death  from  coronary  heart  disease 

If  the  terminal  episode  lasted  longer  than  one  hour,  if  the  avail- 
able information  implied  that  the  cause  of  death  was  probably  CHD,  and 
if  no  other  cause  could  be  ascribed,  this  was  called  nonsudden  death 
from  CHD.  In  making  this  diagnosis  the  review  panel  used  clinical  in- 
formation other  than  that  concerning  the  final  illness. 

8 . Cerebrovascular  accident 

The  diagnosis  of  overt  vascular  disease  of  the  brain  was  based  on 
the  occurrence  of  stroke.  Minimal  criteria  for  nonhemorrhagic  stroke 

e 

consisted  of  the  sudden  onset  of  a localizing  neurologic  deficit  (such 
as  hemiparesis,  aphasia,  homonymous  hemianopia) ; for  stroke  due  to 
intracranial  hemorrhage,  a change  in  the  state  of  consciousness,  head- 
ache, and  signs  of  meningeal  irritation  in  association  with  a bloody 
spinal  fluid  under  increased  pressure  whether  with  or  without  other 
localizing  neurological  deficits.  A diagnosis  of  embolus  to  the  brain 
was  made  if  a source  for  embolus  (that  is,  atrial  fibrillation,  rheu- 
matic heart  disease  with  mitral  stenosis,  recent  myocardial  infarction, 
bacterial  endocarditis)  was  present,  the  clinical  course  consistent 
(that  is,  rapid  onset  and  clearing,  slightly  bloody  spinal  fluid,  a more 
localized  deficit) , or  the  occurrence  of  associated  peripheral  emboli 
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elsewhere  noted.  A consultant  neurologist  and  the  clinical  staff  of 
the  Study  reviewed  hospital  and  clinic  protocols.  Starting  after  Exam  8 
they  have  examined  patients  in  the  hospital  with  stroke. 

9 . Atherothrombotic  brain  infarction 

Specifically,  thrombotic  brain  infarction  was  defined  as  the  sudden 
onset  of  a localizing  neurologic  deficit  (for  example,  aphasia,  homony- 
mous hemianopia,  a central  type  of  facial  weakness,  hemiparesis)  docu- 
mented by  a physician,  lasting  longer  than  24  hours,  in  the  absence  of  : 

1)  known  source  of  embolism  (atrial  fibrillation,  rheumatic  heart  disease 
with  mitral  stenosis,  myocardial  infarction  within  preceding  six  months, 
bacterial  endocarditis),  2)  intracranial  hemorrhage  (intracerebral,  sub- 
arachnoid), 3)  known  hypercoagulable  states  (for  example,  erythemia) , 

4)  other  disease  processes  causing  focal  brain  deficits  (brain  tumor, 
subdural  hematoma,  hypoglycemia). 

10.  Intermittent  claudication 

Minimum  criteria  for  the  entirely  subjective  diagnosis  of  inter- 
mittent claudication  consisted  of  a cramping  discomfort  in  the  calf 
clearly  provoked  by  walking  but  not  present  on  taking  the  first  few 
steps,  with  the  pain  appearing  sooner  when  walking  quickly  or  uphill 
and  being  relieved  within  a few  minutes  by  rest.  Interviews  for  symp- 
toms of  claudication  were  conducted  by  the  physician  using  structured 
forms  for  uniformity  of  the  assessment.  In  addition,  a panel  of  inves- 
tigators reviewed  all  cases  suspected  of  claudication  over  the  first 
nine  examinations  to  confirm  the  diagnosis. 
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11 . Congestive  heart  failure 

For  each  of  the  nine  exams  in  the  16-year  follow-up  the  examining 
physician  recorded  his  final  diagnostic  impression  of  the  subject  taking 
that  exam.  After  the  round  of  examinations  for  Exam  8 was  finished,  two 
physicians  and  the  statistician  of  the  clinic  staff  formed  a panel  to 
review  the  records  of  all  subjects  ever  diagnosed  as  having  congestive 
heart  failure  (CHF) , definite  or  doubtful,  applying  a set  of  strict  cri- 
teria, as  follows. 

A definite  diagnosis  of  CHF  required  a minimum  of  two  major  or  one 
major  and  two  minor  criteria,  the  criteria  existing  concurrently.  The 
minor  criteria  were  used  only  when  not  attributable  to  some  condition 
other  than  CHF. 

Major  criteria: 

1)  Paroxysmal  nocturnal  dyspnea. 

2)  Distended  neck  veins  (in  other  than  the  supine  position) . 

3)  Rales  in  presence  of  unexplained  dyspnea. 

4)  Cardiomegaly  and  pulmonary  hilar  congestion  by  X-ray 
(in  absence  of  any  left  to  right  shunt)  or  increasing 
heart  size. 

5)  Acute  pulmonary  edema  described  in  hospital  record. 

6)  Ventricular  gallop. 

7)  Increased  venous  pressure  (greater  than  16  cm  H^O  from 
right  atrium). 

8)  Circulation  time  (greater  than  24  seconds,  arm  to  tongue). 

9)  Hepatojugular  reflux. 

10)  Pulmonary  edema,  visceral  congestion,  cardiomegaly  shown 
on  autopsy. 

Minor  criteria: 

1)  Bilateral  ankle  edema. 

2)  Night  cough. 

3)  Dyspnea  on  ordinary  exertion. 

4)  Hepatomegaly. 
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Minor  criteria  (continued) : 

5)  Pleural  effusion. 

6)  Decrease  in  vital  capacity  by  one-third  from  maximum  recorded. 

7)  Tachycardia  (120  beats  per  minute  or  more) . 

Arbitrary  major  or  minor  criterion: 

Weight  loss  (ten  pounds  or  more  in  five  days)  combined  with 
improvement  in  respiratory  symptoms  in  five  days  while  on 
therapy  for  CHF. 

12 . Death 

The  fact  of  death  was  supported  by  a death  certificate.  Additional 
information  was  obtained  from  records  supplied  by  hospital,  attending 
physician,  pathologist,  or  coroner.  A panel  of  staff  physicians  reviewed 
all  evidence  to  arrive  at  the  cause  of  death. 

13.  Death  from  coronary  heart  disease  (see  5 and  7) 

For  this  event  persons  with  coronary  heart  disease  were  not  elim- 
inated from  the  population  at  risk. 

14 . Death  from  cardiovascular  disease  other  than  coronary  heart  disease 
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DESCRIPTION  OF  CHARACTERISTICS 

1 . Blood  pressure,  first  examiner,  systolic  (mm  Hg) 

2 . Blood  pressure,  first  examiner,  diastolic  (mm  Hg) 

Systolic  and  diastolic  readings  in  the  left  arm  of  the  subject  were 
taken  with  a mercurial  sphygmomanometer  and  a 14-cm  cuff  long  enough  to 
fit  the  most  obese  arm.  The  recommendations  of  American  and  British 
Heart  Associations  were  followed  for  reading  the  pressure  (see  Standard- 
ization of  Blood  Pressure  Readings,  American  Heart  Journal,  July  1939, 
18:95).  Palpatory  method  was  used  to  check  auscultatory  systolic  read- 
ings. Measurement  was  expressed  in  millimeters  of  mercury  on  the  scale 
of  the  manometer,  but  because  the  original  protocol  had  not  specified 
the  accuracy  of  the  measurement  to  be  employed  most  readings  were  made 
to  the  nearest  even  number,  to  the  nearest  multiple  of  10,  or  the  nearest 
multiple  of  five  depending  upon  the  individual  examiner. 

In  1951  a Committee  of  the  American  Heart  Associaton  recommended 
that  diastolic  blood  pressure  be  recorded  at  the  fifth  Korotkoff  phase 
instead  of  the  fourth  as  had  formerly  been  recommended.  The  protocol 
of  the  Framingham  Heart  Program  was  not  explicit  on  this  point  and  it  is 
not  clear  what  the  practice  was  before  1951  or  whether  a change  in  record- 
ing was  instituted  after  the  appearance  of  the  report. 

At  the  beginning  of  the  Study  two  readings  were  taken  on  each 

subject:  1)  admission  blood  pressure  presumably  taken  by  the  nurse  when 

the  subject  was  seated  with  his  left  arm  at  heart  level  and  2)  final 
blood  pressure  taken  by  the  examining  physician  after  electrocardiographic 
tracing  had  been  taken  on  the  subject  and  before  he  sat  up. 
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Beginning  in  April  1950  three  readings  were  taken  on  each  subject: 

1)  admission  blood  pressure  taken  by  the  nurse,  2)  blood  pressure  taken 
by  the  examining  physician  at  the  start  of  his  interview,  and  3)  blood 
pressure  taken  by  a second  examining  physician.  In  coding  blood  pres- 
sure at  Exam  1 for  subjects  through  Record  Number  2938  the  admission 
blood  pressure  is  shown  as  reading  taken  by  the  first  examiner  and  the 
final  blood  pressure  is  shown  as  reading  by  the  second  examiner,  thus 
showing  as  unknown  the  reading  taken  by  the  nurse. 

Minor  changes  in  procedure  have  occurred  from  one  exam  to  the 
next.  On  Exam  4 the  blood  pressure  taken  by  the  nurse  was  not  recorded. 
A second  blood  pressure  reading  by  the  same  examining  physician  has  been 
substituted  for  a reading  by  a second  examiner. 

3.  Serum  cholesterol  (mg/100  ml) 

At  the  beginning  of  the  Study,  the  amount  of  cholesterol  present 
in  the  serum  of  the  subject's  blood,  in  milligrams  per  100  milliliters, 
was  determined  by  the  colorimetric  method  of  Sperry  (Schoenheimer  and 
Sperry:  J.  Biol.  Chem.  106,  745,  1934.  Sperry:  Am.  J.  Clin.  Path.  & 

Tech.  Supplement  2,  91,  1938).  On  December  12,  1952  after  the  start  of 
Exam  2,  the  method  of  Abell-Kendall  was  adopted  (Abell,  L.L. , Levy,  B.B., 
Brodie,  B.B.,  and  Kendall,  F.E.,  J.  Biol.  Chem.  195,  357-366,  1952). 

4.  Hemoglobin  (decigrams  per  100  ml) 

The  amount  of  hemoglobin  present  in  the  subject's  blood,  in  grams 
per  100  milliliters  carried  to  one  decimal  place,  was  first  determined 
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from  using  the  reagent  N/10  hydrochloric  acid  and  reading  the  result 
from  the  scale  on  the  measuring  tube  of  a Hellige  Hemometer.  Later 
the  procedure  was  changed  to  using  the  reagent  0.1  percent  solution  of 
sodium  carbonate  and  reading  the  result  in  the  Coleman  Universal  Spec- 
trophotometer with  the  wavelength  set  at  540  millimicrons.  Hemoglobin 
was  measured  on  the  first  six  exams,  not  on  the  seventh  and  eighth. 

5 . Phospholipid  (mg/100  ml) 

The  amount  of  phospholipid  present  in  the  serum  of  the  subject's 
blood,  in  milligrams  per  100  milliliters,  was  first  determined  using 
the  technique  of  Schmidt,  Benotti,  Hershman,  Thannhauser  (J.  Biol. 
Chem.  166,  505,  1946).  Later  the  determination  was  based  on  the  method 
of  Youngberg,  G.E.,  and  Youngberg,  M.V.  (J.  Lab.  & Clin.  Med.  16:  158- 
166,  1930)  with  colorimetric  determinations  of  Fiske,  C.H.,  and 
Subbarow,  Y.  (J.  Biol.  Chem.  66:  375-400,  1925).  Phospholipid  was 
measured  on  Exams  1 to  4,  7 and  8,  not  on  Exams  5 and  6. 

6 . Blood  sugar  (mg/100  ml) 

The  amount  of  glucose  present  in  a casual  specimen  of  the  subject’ 
whole  blood  (collected  in  a solution  of  potassium  oxalate  and  sodium 
fluoride),  in  milligrams  per  100  milliliters,  was  determined  using  the 
method  of  Nelson.  (Nelson,  B. , J.  Biol.  Chem.  153,  375,  1944; 

Somogyi,  M. , J.  Biol.  Chem.  160,  61,  1945;  Somogyi,  M. , J.  Biol. Chem. 
160,  69,  1945).  Blood  sugar  was  measured  on  Exams  1 to  4,  6 and  8,  not 
on  Exams  5 and  7 . 
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7 . Uric  acid  (mg/liter) 

The  amount  of  uric  acid  present  in  the  serum  of  the  subject’s  blood, 
in  milligrams  per  100  milliliters  carried  to  one  decimal  place,  was  deter- 
mined using  the  method  of  Folin.  (Folin,  0.,  J.  Biol.  Chem.  101,  111, 
1933;  Jacobsen,  Ann.  of  Int . Med.  11,  1277,  1937-38).  Uric  acid  was 
measured  on  the  first  four  exams  only. 

8 . Framingham  relative  weight  (percent) 

Body  weight  was  measured  to  the  next  lower  quarter-pound  on  clinical 
beam  scales  and  height  was  measured  to  next  lower  quarter  inch.  The  sub- 
ject was  wearing  an  examination  gown  after  removing  shoes  and  street 
dress — men  wore  their  trousers.  Relative  weight  at  exam  was  computed  for 
each  subject  by  forming  the  ratio  of  his  body  weight  in  full  pounds  at 
that  exam  to  the  median  weight  for  his  particular  sex-height  group  at 
Exam  1.  The  ratio  was  calculated  to  two  decimal  places  rounded  and  then 
multiplied  by  100  to  show  the  relative  weight  as  a percent  rounded  to  the 
units  place.  The  values  for  the  median  weight  resulted  from  smoothing  the 
series  of  median  weights  obtained  for  each  height  group  in  full  inches  at 
Exam  1,  separately  for  men  and  women.  The  smooth  median  weight,  by  sex 


height,  is 

Weight 

Weight 

Height 

(pounds) 

Height 

(pounds) 

(inches) 

Men 

Women 

(inches) 

Men 

Women 

55 

126 

65 

156 

144 

56 

127 

66 

160 

147 

57 

128 

67 

164 

151 

58 

129 

68 

168 

155 

59 

131 

69 

172 

60 

136 

133 

70 

176 

61 

140 

135 

71 

180 

62 

144 

137 

72 

184 

63 

148 

139 

73 

188 

64 

152 

141 

74 

192 
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Unknown  values  for  relative  weight  occur  at  each  exam  because  either 
the  body  weight  was  not  measured  at  exam  or  a median  weight  was  not 
assigned  to  that  subject.  Some  subjects  had  no  measurement  for  height  due 
to  a crippling  condition  and  some  subjects  were  either  shorter  or  taller 
than  the  range  of  heights  used  in  obtaining  median  weights. 

9 . Vital  capacity  (deciliters) 

A nurse  or  technician  instructed  the  subject  to  take  the  deepest 
breath  possible  and  exhale  to  the  fullest  extent  into  a tube  of  a water- 
sealed  spirometer  (Collins  Vitalometer) . Three  trials  were  made  for 
each  subject;  the  highest  reading  was  recorded.  This  measurement  of 
vital  capacity  was  read  to  the  next  lower  0.1  liter  on  the  scale  of  the 
spirometer.  No  adjustment  was  made  for  the  possible  variation  in  room 
temperature. 

10 . Alcohol  consumed  (ounces  per  month) 

The  use  of  alcoholic  beverages  by  the  subject  was  recorded  by  the 

examining  physician  on  the  medical  history  form  at  Exams  2,  4 and  7. 

The  information  consisted  of  three  items: 

A average  number  of  highballs  or  cocktails  per  30-day  month 
B average  number  of  8-ounce  glasses  of  beer  per  30-day  month 
C average  number  of  4-ounce  glasses  of  wine  per  30-day  month 

The  equivalent  alcohol  in  ounces  per  month  was  computed  by 

Alcohol  = 1.00A  + 0.40B  + 0.67C 

This  was  done  only  for  subjects  with  details  on  all  three  items  (A,  B, 
and  C)  in  the  history  form. 
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11.  Cigarettes  smoked  (number  per  day) 

Details  on  the  use  of  tobacco  by  the  subject  were  recorded  by  the 
examining  physician  on  the  medical  history  form  in  use  at  Exams  1 to  5 , 

7 and  8.  In  the  initial  stages  of  the  Study  several  different  history 
forms  were  used  in  the  course  of  the  first  exam;  a form  developed  in 
August  1950  was  used  for  part  of  Exam  1 and  part  of  Exam  2;  a form  devel- 
oped in  September  1952  was  used  for  part  of  Exam  2,  all  of  Exam  3,  and 
part  of  Exam  4.  Coding  the  information  on  tobacco  usage  was  not  done  by 
exam  for  the  first  three  exams.  Instead,  the  aim  was  to  characterize 
the  Study  group  at  Exam  1 or  Exam  2,  so  far  as  possible,  on  the  basis  of 
lifetime  history  using  the  exam  for  which  history  form  8/50  was  filled 
out  because  this  form  provided  the  most  complete  information  available. 

Of  the  5,209  subjects  in  the  Study  group,  96  percent  had  information 
available  on  form  8/50.  The  source  of  the  data  shown  for  Exam  1 in  the 
tables  was: 

Number  History  form  used,  in  order  of  decreasing  preference 

2,815  Form  8/50,  Exam  1 

2,178  Form  8/50,  Exam  2 

87  Form  9/52,  Exam  2 

22  Form  11/49,  Exam  1,  Form  8/50  not  available 
37  Form  3/49,  Exam  1,  Form  8/50  not  available 

28  Form  9/52,  Exam  3,  first  exam  tobacco  history  available 

9 Form  9/52,  Exam  4,  first  exam  tobacco  history  available 

33  No  tobacco  data  available 

5,209  TOTAL 

Tobacco  history  was  not  coded  for  Exams  2 or  3.  The  data  for  cigarette 

smoking  used  in  the  tables  for  Exams  4,5,7,  and  8 came  from  the  medical 
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histories  taken  by  the  examining  physician  at  these  exams  respectively. 
Tobacco  usage  was  not  an  item  in  the  medical  history  for  Exam  6. 

12 . Albumin  in  urine 

Procedure  for  testing  for  the  presence  of  albumin  in  subject's 
freshly  voided  urine  was  as  follows. 

To  10  cc  of  urine  in  test  tube  add  2 cc  reagent  (Quantitest  reagents 
beta  naphthalene  sulphonic  acid  and  glacial  acetic  acid) . Allow  to  stand 
Result  is  read  in  milligrams  of  albumin  per  100  milliliters  by  comparing 
turbidity  with  standards  in  lighted  rack.  In  coding  the  result  of  the 
turbidity  comparison,  definite  urine  albumin  is  20  mg/100  ml  or  higher; 
trace  urine  albumin  is  10  mg/100  ml. 

This  measurement,  though  made,  was  not  coded  for  Exam  4. 

13 . Sugar  in  urine 

Procedure  for  testing  for  the  presence  of  glucose  in  subject's 
freshly  voided  urine  was  as  follows. 

To  five  drops  of  urine  in  test  tube  add  10  drops  of  water  and  one 
Clinitest  tablet.  Allow  to  stand  at  least  15  seconds  after  boiling  has 
ceased.  Compare  color  to  chart  provided  with  tablets.  Read  as  negative, 
1+,  2+,  3+,  or  4+. 

In  coding  the  result  of  the  color  comparison,  definite  urine  sugar 
is  2+,  3+,  or  4+;  trace  urine  sugar  is  1+. 

14 . Heart  enlargement  by  X-ray 

Roentgenograms  were  taken  at  each  exam  with  a Westinghouse  Autoflex 
300-milliampere  X-ray  unit  with  a Machlett  superdynamax  tube.  The  sub- 
ject was  positioned  erect  in  max-respiration  phase  with  full  anterior 
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chest  against  film  cassette.  The  X-ray  tube  was  placed  at  level  of 
seventh  thoracic  vertebra,  a distance  of  two  meters  from  anode  to  film. 
The  film  size  was  14  x 17  inches.  Beginning  in  Exam  4 the  machine  was 
actuated  by  a device  attached  to  the  subject  through  electrodes  applied 
to  the  left  and  right  axillary  margin  at  level  of  the  seventh  rib,  to 
procure  film  at  the  moment  of  full  diastole.  (Peak  of  R wave  plus  0.008 
second  to  termination  of  exposure  insured  the  shadow  of  the  cardiac  sil- 
houette in  full  diastole.)  The  transthoracic  Lead  I electrocardiographi 
tracing  showing  point  of  X-ray  exposure  was  printed  at  the  base  of  the 
exposed  X-ray  film  before  development. 

All  films  were  interpreted  by  a roentgenology  consultant  who  did 
not  have  access  to  clinical  data  on  the  subject  before  viewing  his 
films.  Beginning  in  early  1952  one  consultant,  Dr.  Lloyd  E.  Hawes,  has 
viewed  all  films  taken  at  the  Framingham  Heart  Clinic  and  made  the  X-ray 
interpretations . 

The  diagnosis  of  left  ventricular  hypertrophy  signified  that  this 
chamber  was  enlarged  as  shown  by  an  extension  of  the  left  apex  of  the 
heart  towards  the  left,  an  elevation  of  the  apex,  and  a squaring  of  the 
apex.  The  transverse  diameter  of  the  heart  was  usually  more  than  half 
the  transverse  width  of  the  chest.  However,  in  a subject  with  a large 
chest  the  square  prominent  shape  of  the  left  apex  of  the  heart  may  have 
signified  left  ventricular  hypertrophy  even  with  transverse  diameter  of 
the  heart  less  than  half  the  width  of  the  chest.  The  diagnosis  of  left 
ventricular  hypertrophy  could  be  made  with  normal  measurement  of  the 


transverse  diameter  of  the  heart. 
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The  diagnosis  of  generalized  cardiac  enlargement  was  made  for  an 
enlarged  heart  when  the  heart  shadow  was  also  rounded  and  expanded  both 
to  the  right  and  to  the  left,  giving  an  appearance  not  that  of  left  ven- 
tricular hypertrophy  alone  but  either  a dilatation  of  all  chambers  or  a 
dilatation  of  the  atria  and  right  ventricle  as  in  mitral  heart  disease. 

A diagnosis  of  generalized  cardiac  enlargement  and  left  ventricular 
hypertrophy  was  possible.  The  heart  was  overall  rounded  and  enlarged,  but 
the  apex  did  project  further  out  and  was  square  and  prominent. 

A subject  with  heart  enlargement  had  either  generalized  cardiac 
enlargement  or  left  ventricular  hypertrophy  or  both. 

15 • Left  ventricular  hypertrophy  by  electrocardiogram 

Electrocardiograms  were  made  at  each  exam  with  a Sanborn  Visocardiette . 
The  subject  was  in  the  recumbent  position.  Thirteen  leads  were  used,  three 
standard,  three  augmented  unipolar  limb  leads,  and  seven  precordial  leads 
of  Wilson.  See  description  of  technique,  pages  31  to  44,  Katz, 
Electrocardiography,  Lea  and  Febiger,  Philadelphia,  1947. 

All  abnormal  and  questionably  abnormal  electrocardiographic  tracings 
were  reviewed  by  an  electrocardiology  consultant,  along  with  a sampling  of 
normal  tracings.  Basically  the  criteria  for  definite  and  strongly  sugges- 
tive evidence  of  myocardial  disease  were  those  listed  on  pages  194  and  195 
of  Burch  and  Winsor,  Primer  of  Electrocardiography,  Ed.  1,  Lea  and  Febiger, 
Philadelphia,  1945* 

Left  ventricular  hypertrophy  consisted  of  a tracing  exhibiting  a 
slight  prolongation  of  "ventricular  activation  time"  (at  least  0.05 
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second  on  the  left)  associated  with  an  increased  R-wave  potential, 
depressed  S-T  segments  and  flattened  to  inverted  T waves  reflecting 
potentials  from  left  precordial  leads. 

A category  of  possible  ventricular  hypertrophy  was  designated 
when  tracings  exhibited  characteristics  similar  to  those  above  except 
in  less  striking  degree  or  when  not  all  were  present.  Increased  R- 
wave  potential  without  associated  S-T  and  T-wave  abnormality  was 
included  in  this  category. 

16 . Definite  nonspecific  T-wave  abnormality  by  electrocardiogram 

Nonspecific  T-wave  abnormality  was  designated  when  in  the  pres^- 

ence  of  a prominent  R wave  S-T  segment  depression  (exceeding  one  milli- 
meter below  the  base  line)  and/or  primary  T-wave  inversion  or  flattening — 
representing  an  abnormal  ventricular  gradient — was  noted.  This  diagnosis 
was  not  made  if  a more  specific  explanation  could  be  made  for  these 
changes  or  if  the  changes  occurred  in  those  leads  where  they  are 
acceptable . 

17 . Diabetes  mellitus 

A review  was  made  of  the  records  of  all  subjects  with  a history  of 
diabetes  or  elevated  blood  sugar  or  sugar  in  urine  at  any  exam,  Exams  1 
to  9.  Out  of  this  group  a subject  was  diagnosed  as  having  diabetes  if 
he  was  under  treatment  by  his  private  physician  for  diabetes  or  if  he 
had  a record  of  an  abnormal  glucose  tolerance  test  or  if  he  had  on  at 
least  two  exams  a casual  blood  sugar  determination  of  150  mg/100  ml  or 


more. 
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Treatment  by  private  physician  meant  that  the  subject  was  taking 
insulin  or  oral  hypoglycemic  agents.  In  addition,  if  subject  was  taking 
oral  agents,  the  diagnosis  of  diabetes  was  made  only  if  records  were 
obtained  from  the  Framingham  Study,  private  physician,  or  hospital  to 
show  several  elevated  blood  sugar  determinations  before  treatment  started. 
Here  an  elevated  blood  sugar  meant  a value  of  160  mg/100  ml  or  higher. 

The  Study  did  not  give  subjects  glucose  tolerance  tests.  Therefore 
the  record  of  such  tests  had  to  be  obtained  from  a private  physician  or 
hospital.  The  standard  glucose  tolerance  test  was  taken  as  the  inges- 
tion of  100  grams  of  glucose  after  a 12-hour  fast.  The  test  was  consid- 
ered abnormal  if  the  blood  glucose  concentration  was  160  mg/100  ml  or 
more  at  one  hour  after  challenge,  140  or  more  at  two  hours,  and  was 
still  higher  at  three  hours  than  when  the  test  began. 

18.  Hypertension 

At  examination  a subject  had  two  blood  pressure  readings  taken  by 
the  examining  physician  (s) . If  both  readings  were  "abnormal,"  the 
subject  had  definite  hypertension;  if  both  readings  were  "normal,"  the 
subject  had  normotension;  with  any  other  combination  of  readings  the 
subject  had  borderline  hypertension. 

A blood  pressure  reading  was  "abnormal"  if  either  the  systolic  or 
the  diastolic  component  was  "abnormal,"  and  the  reading  was  "normal" 
if  both  systolic  and  diastolic  parts  were  "normal."  A systolic  pres- 
sure was  called  "normal"  when  under  140  mm  Hg,  "abnormal"  when  160  or 
greater.  A diastolic  pressure  was  called  "normal"  when  under  90  mm  Hg, 
"abnormal"  when  95  or  greater. 
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When  a subject  had  only  one  blood  pressure  reading  taken  by  the 
examining  physician,  his  "hypertensive  status"  was  determined  on  the 
basis  of  this  one  reading. 

19 . Glucose  intolerance 

A subject  was  said  to  demonstrate  glucose  intolerance  at  examina- 
tion if  any  one  of  the  following  conditions  obtained: 

a)  A diagnosis  of  diabetes  mellitus  at  that  examination  or  any 
preceding  examination; 

b)  A determination  of  glucose  in  the  urine  sample,  either  definite 
or  trace,  at  that  examination; 

c)  A measurement  of  the  amount  of  glucose  present  in  a casual 
specimen  of  whole  blood  equal  to  120  milligrams  or  more  per  100  milli- 


liters at  that  examination. 
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